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social and economic needs.  These activities should be performed with
insightful application of scientific principles and with the use of
precise mathematical methodology where possible.   Two essential tasks in
the evaluation of new technological opportunities are to determine the
return on investment and to identify the technological barriers where
improved scientific knowledge and/or invention is needed.  Such
procedures of engineering evaluation represent a key step to achieving
better productivity from the electrochemical research and development
process.

For a given pair of electrode reactions of known thermodynamic and
kinetic characteristics, electrochemical engineering procedures must
provide a reactor design in which these reactions can occur with high
material and energy efficiencies.  Simultaneously, appropriate
provisions have to be made for the input of reactants and outflow of
products and for the addition (or removal) of electric and thermal
energy.   The emphasis here is on the complete system and the inter-
related surface reactions and transport processes.  System analysis and
design of electrochemical reactors require elaborate computer-
implemented process simulation, synthesis, and optimization.

Process or device development is intimately linked to the
availability of materials suitable as active or passive cell
components.   Design, even in its conceptual stage, is inseparable from
what materials are available for electrodes or for containment, what
electrolyte compositions may come into consideration, and what
separators (if any) are needed.   Electrochemical engineering involves
not only the cell or cell process but also the often considerable
chemical and physical operations (separations, chemical reactors, heat
exchangers, control, etc.) that precede and follow the electrochemical
step.

Electrochemical process and device technologies involve a large
variety of combinations of active and passive materials and reactor
geometries and sizes as well as a rather broad spectrum of economic
constraints.   It should suffice here to consider a listing of areas of
activities, each comprising dozens of different processes and/or
products:

Extractive metallurgy

Metal plating, finishing, shaping, forming

Inorganic and organic chemical synthesis

Separation processes, membranes, electrokinetic processes

Waste treatments (effluents from electrochemical or other sources)